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"(!??EL Cf/ AVEa=Upper Midwest, USA

| _ About 2/3 forested,
ogmges _ Ontario,
B S CANADA mOStIy rural

. ‘::;.J::'- _uperiﬁr {? Forest cover h as
g e s e been increasing
ST I e per inventories
Nearly completely
deforested by

1910

Percent forest cover image
from AVHRR and USFS
FIA data by Zhu and Evans,
1994



SERIEsHEyAR threescounty area of Michigan, methodological progress.

What IS tHessensiuvity. te) the scale/resolution at which those changes
are moni (@air photoe versus MSS)?

CanedRuseNremralf photes and fieres cover from Landsat; thematic detail.
IHow: are: the clianges and fragmentation related to changes in the
fragmentation off land ewnership?

In general, land ewnership is fragmenting and forest cover is increasing, and
often defragmenting,, but the causal relationships require land use information.

What quantitative functions describe the effects of socioeconomic
processes on observed rates of land cover composition and pattern
change?

Economic, demographic, environmental, and institutional/policy factors.




EmpealiehseVation of LCLUC

y

Demographic | Land
and Economicl] Ownership
Changes 1 Change and

. Fragmentation

Land Use Forest Cover
Changes and Pattern
Changes

(70-90)

Time
Series
Data

| |

Collected at 136 sample sites




othods to Date

e =Js sOVEREnENpattenn mapping (NALC)
Do Eclassification, and accuracy assessment

Pefes agmentation andiivresit cover change in three Michigan
COURMESNESA Drzyzga Master’s Thesis)
 Emor in chiangexanzlysis based of pattern metrics

[and u@napping and change analysis

Arc/Infe basedieels for: (1) mapping from air photos & parcels
(2) quality control (near complete)

Moedel development

County-level land use estimates

ArcView model & GUI with stochasticity and dynamics
Link with SNNS for artificial neural network analysis
Pilot-testing calibration and validation procedures




NALC Mosaic of the
Northern Lower
Peninsula of

Characterization
Michigan

Based on North
(NALC) data.
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Wlecaens of Landsat Scenes,
SeiplesColnties and Sites




LG Processing Procedures

-
Unsupervised Classification
(ISOCLUSTER, 50 classes)

Class Labeling &

Primitive Thresholding

Kidentifying water, hazy area, clouds,
and cloud shadows)

1 L Check points interpretation

= (using airphotos as ground truth to
Haze Correction lbel the image and about 20 randoml
(matching histograms) ‘selected points for each sample site)|

Mosaic NALC scenes | Class Merging |
(merging 50 classes into 4 data categorigs:
‘ forest, nonforested, water, others) [

Should be complete June 1999 Accuracy Assessment
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A ENERCIESSES by Using alrphoto as ground truth
Cursor Zoom | ) |EWT|
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Sample points for accuracy
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mentﬁ'f'on Pilot Studies
=
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erarea study 10 gquantify errors Iin
fiorest firagmentation

Smallfarea study to test for meaningful
relationships etween parcel changes

and forest cover change and
fragmentation




nange Analysis
-

1972-197%

SCENES t #

60 m resolUtieRE 1985-1987

Aboeut 25'%
overlap between
adjacent scenes 1990-1992




Shading Indicates overlap
area
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L’ m@Me‘t’rlcs Assessed

proportion of the landscape covered by forest
number of forest patches

average size of forest patches

length of forest/non-forest edge -+ landscape area




' c‘)f;rr@vs In Image Pairs

b e )

Root Mean
Squared Error 1.5
(RMSE) as
Proportion of 11
Mean Value

0.5

- MPS
0- # Patches

Edge Dens.
aros a80s %Forest

Metric

a90s
b70s b80s h90S
Scene Pair




";J I VIeEEl el Efror in Metric
‘= p,lff-efences

eses Variables

mE

IGrEst ISTEAIMSAIALY/ Wi 2nd-order polynomial of

glelpl=ior ave. percent forest
haze Is moeyeNerevalent 9% of site with haze

Image pair IS taken under diff. in image avg. NDVI

divergent phenelogical or difference in Julian
conditions date
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Er@r | Percent Forest =

_ = 0,005 (PE?) +0.12 (haze) + 1.99 (diff NDVI)
F-test = 4 = 0.99); Adj. R* =

'Eorn’ Percent Forest

0:50

Withrailiferencenn Julian Date instead of diff
NDVI

-4.87 + 0.37 (PF) - 0.004 (PF?) + 0.06 (haze) + 0.31 (diff Days)
F-test = 284.02 (p > 0.99); Adj. R? = 0.40

all variables are significant at p > 0.99




Er r |n Number of Patches =
M _ SEF) 0102 (PF?) + 0.42 (haze) + 7.56 (diff NDVI)

Fetest — 4 =0.99); Adj. R2 = 0.51

With difference’ in Julian Date instead of diff

NDVI

-9.85 + 1.71 (PF) - 0.02 (PF?) + 2.00 (haze) + 1.01 (diff Days)
F-test = 307.81 (p > 0.99); Adj. R2 =0.42

all variables are significant at p > 0.99




CatienIto)Change Analysis
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C sw @M Pilot Study |

arﬂscaﬁ metrics calculated from satellite

i@ SUIPJECT Lo measurement error
[ze of landscape partitions
dem@es EI1eK, BUt map generalization

throu@issieving or filtering has inconsistent
effiect on' error

Error at a location for some metrics can be

estimated using percent forest, haze, and
difference in phenological condition
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Land Parel Changes

, Ownership Characteristics
-~ Mecosta County, MI

Site Locator County Locator

Legend

Water Features
Public Lands

[] small Parcels

|\| Parcel Boundaries
== Major Highway

Land Ownership:
Rockford Maps Fublishing

Matural Features:
LIEGE 1100000 Topographic Maps

Compilation:  Scott A. Drzyzga
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Pilot study area usedior a
student thesis. Eerest
firagmentatien Wes
compared Withrewnership
parcelizauen at Counby,

tewnshipr(VICDs), and
SURVey: section scales.
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SHrem Pllot Study 11
s | udy

Fgrs coverinereased firom 1973-91 and became
ted.

i
" Kalkas ke%

Ly, With highi pepulation growth
felie (1@% eVer peried) but low initial population

(5272), experenced greatest forest regrowth
(22.4%) anael defragmentation (24%o).

Spatial patterns tend to be at scale off MCDs.

Although consumption theory ofi land rent

explains a good deal of variation in parcel sizes,
relationship with forest cover Is inconclusive.
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g M@dﬁnd Use Drivers

eevelopmgnt oragricultural lands

NdeVvelpped, With seme forest recovery
DEVEIe m&t e Undeveloped lands

4

veleped (Including forest) to developed

Agrculttialifanandonment
Ad te Undeveloped, usually with regrowth

Recreation and teurism based development

any conversion to recreation-based use
(Includes seasonal homes)
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m Ag Decline
5 New Dev.

Low (35) Med (39) HiRur (23) HiUrb (9)

County Type (n) 1982-92

Source: Natural Resources Inventory (NRI),
NRCS




Land Use Change

Development (%)
[ ]-015-0
[_]o-0.3

031 -042

042 - 082
oGz -s24

Loss of Agricultural Land (%)
128 -1.56

155 --087

I -0.87 - -0.04

-0.04 -0

0-3.49




"f}f" WAﬂﬁhiV‘é & Parcel Data

6 sample Sites (2500 ha) three epochs
ﬂ‘l9703 early: 1980s, early 1990s)

=, Z@terhIVm pPhetos

scanned; rectified, mosaiced (2
m resolution)

'ﬂll"l

1

=>10,000 polygons per epoch
georeferenced & digitized from
plat books.
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" Demographic / Economic County Types

| Area Frame Sampling
’% County Description

Sampled by Type D
High Growth Urban

High Growth Rural

@ f;ﬂ [ . . oorD
L B

[ | O B

\ O

Sources

Cemographics: US Census Bureau

Parcel Ownership: Rockford Maps Publishing

Matural Features: USGS 1:100000 Topographic Maps
Compilation:  Soott A Drzyzga, Movember 18885

+




f"' Stratified Sample Site Selection
J Mecosta County Buffered Features

Sample sites

Buffered Features

Under all influence
Road-only influence
Public land-only influence

Hydro-only influence

Under no influence

|:| Under multiple influence

Sourge: LISGS 1:100000 Topographic Quad Maps Compilation: Scott A Drzyzga 11/10/96
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Code Land Use Type
o 100 Developed
f . 110 Residential
g 111 High density Residential
112 Low density Residential

Industrial/\Warehouse

Infrastructure/Transportation

Airport

Agriculture

_I'_.and Use Classification

Students trained to identify
el oces classes using rules based on
sphoto interpretation
eparcel size

142

Transport Corridor or Terminal

Utility corridor or station

Institutional

Site-based outdoor recreation

Campground

Park and outdoor assembly/|

Mining/extractive

Riparian Zone / Forested
Wetland

Other developed

Other Undeveloped




SEPatierns and Change

S
ap F

Digitized parcel
map and aerial
photography




rﬂ CLASSIFICATION w PARCELVISION

COVERAGE  PRIMARY  SECOMDARY COWFIDEMCE  PUBLIC  OUIT |

USERMAME db
LPCI 1.0 COUMT GTRAVERSE
DECRIE 0

AIRPHOTO DATE B/3/ 78
AIRPHOTO TYPE CIR

view [T 2 3f 4f s 5f 7/ o coum
Areal Photographs W -EIFF-I

- SELECT PRRCEL FOR EDIT —|

- SHOW - ~ REFRESH -|

PERCENT

SELECTED PARCEL ATTRIBUTES

PRRCEL TYPE Private

PRIMARY LANDUSE Unclaszified 0
SECOMDARY LAMDUSE 0
PUBLIC DESICHATION

COMF ITIEMCE

EDGE PARCEL COMPLETEMESS Complete
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CONSOLE

| cmdturﬂ

L CrACT 2200 vanion, Tandused @ 0 of 1089

%47 394442 BET18E, 243641, ERR02
dx,dys 2805,43379,-649, 29262

ARCEDIT

disty 2679,59019

on. landuse? @ B31 of B3
on.Tanduse? @ 1 of 651 s

CLASSIFICATION

COVERAGE  PUBLIC COMFIDENCE SECOMDARY  PRIMARY

. COUNTY mecosta
expressions. Type EMD| EDIT COW 1980

MIN-PRIMARY

112.000000
Jlanduse? @ 0 of 651 = - ;3?0 1280 11'390
Janduses @ 913 of 913 fee e
Jlanduses : 1 of 913 5 Area tach 60 36 3

Primary LD Residential Pasture Jou Crop

expressions. Type END]| Percent PRI 40 T 40

H%gapgégggg Ownership Private Private Irivate

. Confid Ab H High digh
Jlandused @ 0 of 313 = Son Sl e sl S :
: econdary Retail/Office LD Residential D Residential
.landused @ 1089 of 10
landused : 1 of 1083 {| Fercent SEC 10 10 1o
Public

expressions. Type END

MIN-FRIMARY Editphoto IATE 6/10/72 Hay-81 Jun-92

210,000000 Editphoto TYPE BEW BCIR ZOLOR:
Jlandused @ 0 of 1083
Eﬂgﬂgg : 13‘;2 102410322 REFRESH SCREEN| SAVE CHances| Edit PARCELS 1g7o( 1980 [1550
expressions. Type END ; ; ;

MIN-MATRTY 1970 Landuse LDl Residential Site HEIEIEIE”B-EI EIEI

h 110920%28 15980 Landuse Pazture
.change 1 0 0 )
.change + 1340 of 1340 1930 Landuze Raw EF‘DP Shaw SHOW  FLAGS  SHOW PHREELSI
:Engﬂgg EBEFD:313429 Error Type Transition
.landused : 1089 of 10 dels Feeel FRRRIERT RAREEL 01
Jlanduses @ 0 of 1083 F
Beg
=

LPOC - Quality’ Control

IMAGE_1970

=]
PandZoom |

IMAGE_1980

T 5 PARCELS_1990

Pan/Zoom |




Interpreted Land Use
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ﬁgionai ECONBMICT & GEMOegraphic
PUUCES COURLYAIEVE] estimates.

statisticm"ygalibrated 0 project

CHaNPENRNANG" USErproportions

Uisiale) IR Mefziter
GlS-based [Lard Transfermation Model
(LTI tisedl ter spatially disaggregate
and map LU changes.

Probabilistic link between LU and forest

cover change.



Mlae eJ_]J'Ff Of LCLUC

' REGIGIWAS Regional Demographic > Land Use Proportion
CoUtyAs and Economic Model

Estimator

OO fros)
QUNEANDEIE]

\ 4

Site/ Forest Cover Spatial Simulation
Parcel/ Simulation (| Calibration

Pixel f .

IENPIEIED
Lzipiel Use

Validation

(Amount, Location, Pattern)
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PIepPertion Estimates

INI2Re USE preporien = f(

2l S Proportiens

change nrempleyment and income by 1-digit SIC code
average climaterand solls

change in pepulation age structure
state-level palicy differences)

To be estimated using NRI data (1982, 1987, 1992) and socioeconomic
data from NPA Data Associates (1967-2030).




vVifViedeling| Toolbox

Principal Index

Spatial Data -
LTM Spatial Driver Database
and Toolbox

Driver
, Development
= Spatial-temporal GUI
Land Use : Theory and
Database Empirical Analysis

h é

Neural Network .
and Logit Driver ‘

Modeling Tools Integration and L_andl UEE Output Analysis and
Stochastic Event Simulation Visualization

Simulator P Toolbox
\_ b l /
Spatial-temporal

Forest Cover Forest Cover
Simulation Database

)
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Land Transtormmaticon Mod el

The Land Transformation
Modeling Project

integrating Policy,
Socioeconomics

& Environmental Factors
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amal Variables

1

terraimn “

watenfignisi(lakes and rivers) and views
surretieiRENand use and existing urban
reads

parcel sizes
public land ewnership (constraint)




ArcView GIS Yersion 3._1

‘ File Edit ‘iew Theme  Abalysis Surface  Graphics Window  LThd  Help

)R] [&] ]

@ o

A

|—| Principle Index Driver Construction

= LTM
Select a theme ;| Agao ¥
=patial Interactions Spatial Scaling———
.- Meighborhood ~ Patch size - Equal Area
.- Site specific .- Distance .- Equal Interval
Patch Parameters
Resolution: | 30.0000 Relation

. Define threshold
~ parameter

-+ Direct Transition

Inwerse Transition

aind

LA

Cefinition of the principle index driver may be
accomplished in buo ways

- Define by coverages (excel)
 Define by area—wide values

Ciefinition by area—wide values
Population increase : |

Time interval (years): |

per capita area requirement (acres/person): | 1.1

Cancel

S
'\/':/

Add

Wiew Cancel

= alntegraoutputs

- L

«1 probability map| |7
1-10

11-20

21-30

31 -40

41-40

a1 -80

§1-70

] 71-80
g81-80

Em 1400

B Mo Data




Arilf JeiNerial Net (ANN) Modellng

UWO (e how

fac |ueﬂced historical
land USErchEnUER
SojtwareNiniawritten

"

petween CIViSRPAREYiew:
and SNINS netraifnet
software.

Drivers include: prior land
use, roads, distance to
urban, prob. of farm
closure, infrastructure,
surrounding land use.




Predicted and Not Predicted

/\/Coumy Roads Changemap

Highways [ not transitioned and not predic
/\/gtl:‘sz I transitioned, not predicted
Lakas I not transitioned but predicted

transitioned and predicted
B urban Land Use 1580 5 No Data P

nan-urban

Miles
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gjcal Contributions to Date

Ues and teelidevelepment for land use
CHENGENIIAPPING.
ErreResti

Imation I guantifying forest cover
chgngeraRuNagmentation

Incorporanon of neural network estimation

stochastic events, and dynamics into a nested
version of GlIS-based Land Transformation
Model.




Bolicy Implications

ent patterns 2ndltrends in forest cover and
NOENEnerie e positive (says nothing of
fOKest: Chiel [ISTICS).

DEve ptRas el Vet had a significant negative
INHUERCENGINBIEST COVEr, but ag. abandonment has
nad a pPoesiuVermiluence.

Ownership: fragmentation increases complexity of
management and likelihood of land use conflict.

Agriculture Is interrelated with forest regrowth and
carbon sequestration. We need a good model of
agricultural abandonment.




‘ - @Utreach

E

P National Assessment

FandNISE/ceVer change s often not included in
a;sﬁne S of system response to climate
2l

-

¢ (€20, VEMAR 1). Data and models will

nelp.
Upper Great Lakes RESAC

Output frem preject supports delivery of land
use/cover change tools and data to agency-based
stakeholders (DNRs, USFS, USGS, NRCS).




eline

Tasks

Alr Photo Interpretation

] NALC Pre-Processing

1997

1998

1999

- | NALC Classification

Accuracy Assessment
and Mosaicking

Empirical Analyses

L TM Modification and
Testing

Reports and Papers




